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EDITORIAL
Prospects for therapeutic Helicobacter pylori vaccines
Helicobacter pylori was first isolated from human stomach biopsies in 1983 [l] . The human stomach is the only known ecological niche for H. pylori, and untreated the stomach remains infected for life, despite a vigorous host immune response. In developing countries, >80% of adults may be infected and infection is widespread among children and infants [2] . In developed countries, the prevalence has dropped to 30-50% over the last 20 years and infection is found mainly in adults. Of the infected adults, c. 20% develop gastric disease, and H. pylori is the major cause of peptic ulcers, duodenal ulcers and gastritis. Long-term infection may result in B-cell lymphoma and adenocarcinoma of the stomach [3] . The International Agency for Research on Cancer, which is affiliated to the World Health Organization, attributes 55% of stomach cancers (500000/year) to H. pylori. In 3 -17-year-old Peruvian children infected with H. pylori, gastritis is the most frequent ailment [4] . Bangladeshi and Gambian infants, who acquire H. pylori within a few months after birth, often have diarrhoea and are malnourished [5-71. Peptic and duodenal ulcers can be treated effectively with a short course of two antimicrobial agents and a proton pump inhibitor such as omeprazole [8] , but prevention of infection would obviously be preferable.
H. pylori infection meets two important criteria that give it a high priority for vaccine development [9] : the infection is widespread in both developing and developed countries; and it causes a considerable burden of illness in developed countries. The cost of development of a vaccine is likely to be retrieved once it is used in the developed world, and revenues may help to subsidise the price for poorer countries. Price is important, as vaccines may be the only way to treat H. pylori infections on a large scale in developing countries.
The cost of combination therapy and the emergence of antibiotic resistance provide further incentives for vaccine development. Widespread use of combination therapy for gastric disease symptoms, often without prior confirmation of the presence of H. pylori, puts pressure on national health budgets [lo] and has probably caused the emergence of antibiotic resistance among H. pylori isolates [ 1 11. Resistance of H. pylori to metronizadole or clarithromycin has risen sharply in European countries and results in lower success rates for combination therapy [8] . In Hong Kong 70-80% of isolates are resistant to metronizadole. Resistance is also common in developing countries. Emergence of multi-drug-resistant H. pylori will further limit the efficacy of combination therapy. Therapeutic vaccines could be used in addition to current regimens to treat infections with antibiotic-resistant H. pylori, while prophylactic vaccination could prevent H. pylori infection in adults and children on a large scale. An analogy can be made with typhoid. In south-east Asia, quinolone-resistant typhoid fever poses serious public health problems in an area where multi-drug resistance in Salmonella enterica serotype Typhi is already common [12, 131. In such a scenario, immunisation is essential for the prevention and control of epidemics and infection in children [9, 131. shown that protection is associated with a Th2 response, marked by the production of IgA and IgG 1 respectively. In animal studies, mucosal adjuvants such as cholera toxin (CT) and heat-labile toxin of Escherichia coli (LT) are required to induce a Th2 response against H. pylori antigens [ 171. Use of these enterotoxins in man is limited, as low doses cause diarrhoea in volunteers [ 171, but a genetically detoxified LT (LTK63), which retains mucosal adjuvanticity in mice, has been described [18] A candidate vaccine antigen should be immunogenic, surface exposed and conserved among genetically diverse H. pylori isolates, which can be divided into two pathotypes: type I strains, which contain the sl allele of the vacuolating cytotoxin gene, vacA; and type I1 strains which contain the s2 allele [19] . Type I strains also contain the cytotoxin-associated gene, cagA. This is a marker for a pathogenicity island, which contains a gene cluster encoding factors instrumental in the inflammation of the stomach epithelium [ 19, 201 . Type I1 strains are non-toxigenic and lack cagA and the pathogenicity island. There is a significant association between type I strains and peptic ulcer disease in Europeans and North Americans [19] , but not among Japanese and Korean patients harbouring type I isolates [21] . The adaptation of H. pylori to the human stomach has led to the hypothesis that some isolates (possibly type I1 strains) may be commensals and may even be beneficial for the host [3] .
The first evidence that immunisation could prevent helicobacter infection came from the H. felis mouse model. Oral immunisation of mice with H. felis sonicate and CT, or with the B subunit of the urease holo-enzyme of H. pylori (UreB) and CT, prevented infection by H. felis. Urease is considered essential for colonisation of the stomach by H. pylori [17] . The use of UreB and CT as a therapeutic vaccine has been studied in ferrets, which carried H. mustelae. In immunised animals, inflammation of the stomach was reduced, but infection was eradicated in only 30% of the animals [ 171. Oral administration of urease did not cause any side-effects in human volunteers seropositive for H. pylori. When asymptomatic adults were given four doses of urease and LT in a phase I1 trial, the number of bacteria was significantly decreased, but H. pylori was not eradicated and most volunteers developed diarrhoea [ 1 11.
VacA, GroES, catalase and urease are antigens exposed at the surface of H. pylori [ 19, 22, 23] . All strains express GroES, catalase and urease, but VacA is expressed only by type I strains. The combination of a mucosal adjuvant with either catalase [22] , VacA [ 171 or GroES [ 161 prevented helicobacter infection in mice, but immunisation with VacA did not protect against infection with a type I1 strain [17] . Thus, a monovalent vaccine can select for a certain phenotype, and escape mutants of H. pylori might be generated by vaccination with a single antigen. To determine whether immunisation with the UreB antigen could have a similar effect, phenotypic variation of UreB in different H. pylori isolates is currently under investigation at this laboratory. A multivalent vaccine is likely to induce a more effective bactericidal immune response. Higher levels of protection were achieved by immunisation of mice with a combination of UreB and GroES than with the separate antigens [16] .
In H. pylori, outer-membrane proteins and porins form a large family of 32 genes [24] . These proteins, which are surface exposed and well conserved, may be excellent vaccine candidates [24, 25] . Oral immunisation with a combination of LTK63 and urease, VacA or CagA protected mice against H. pylori infection [26] , and immunisation with VacA or CagA also eradicated existing chronic infection [27] . Although detoxified mucosal adjuvants still have to prove their safety in human trials, a multi-component vaccine with detoxified mucosal adjuvants shows promise.
A vaccine shown to be successful in an animal model might take several years to be proven safe and efficacious in man [17] . If such a formulation is found, field trials in children as well as adults will be necessary. However, the incidence of H. pylori infection in childhood may be too low for field trials to produce useful results in developed countries. Indeed they may be deemed unethical and uneconomical. In developing countries paediatric infection is common and is associated with gastritis, hypochlorhydria, malnutrition and diarrhoea [4, 71. Field trials of a paediatric H. pylori vaccine would best be held in such areas. Therapeutic application of an H. pylori vaccine as an addition to current treatment regimens should provide the impetus for the development of an efficacious vaccine for this ubiquitous and versatile pathogen.
